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Abstract

Of the few studies that have examined alcohol consump-
tion in relation to risk of renal cell cancer (RCC), most are
case-control studies. The extent to which alcohol affects
RRC risk is unclear. We prospectively examined the
association between total alcohol intake as well as specific
types of alcoholic beverage and RCC in a large cohort of
Finnish male smokers. Men from the Alpha-Tocopherol,
BetaCarotene (ATBC) Cancer Prevention Study were
followed for 12 years and RCC cases were identified.
Alcohol consumption was assessed at baseline using a
questionnaire previously shown to be both reproducible
and valid. Cox proportional hazards modeling was used to
adjust simultaneously for known or suspected risk factors
for RCC. We ascertained 195 incident cases of RCC. In
multivariate analysis, the relative risks and 95% confidence

intervals (CI) of RCC according to increasing quartiles of
total alcohol intake were 1.0, 0.91 (0.62-1.33), 0.94 (0.64-1.38),
and 0.53 (0.34-0.83), respectively (P value for trend = 0.005);
for spirit consumption, 1.0, 0.93 (0.63-1.39), 0.84 (0.58-1.20),
and 0.55 (0.36-0.85) (P for trend = 0.02); and for beer intake,
1.0, 1.22 (0.85-1.76), 0.83 (0.57-1.22), and 0.55 (0.36-0.85)
(P for trend = 0.003). Too few people in this cohort drank
wine to assess its association with risk of RCC. These data
suggest that alcohol consumption is associated with
decreased risk of RCC in male smokers. Because most
of the risk reductions were seen at the highest quartile of
alcohol intake and alcohol is a risk factor for a number
of cancers particularly among smokers, these data should
be interpreted with caution. (Cancer Epidemiol Bio-
markers Prev 2005;14(1):170-5)

Introduction

The incidence of renal cell cancer (RCC), the most common
form of kidney cancer, has been increasing in the United States
(1), other Western countries (2,3) and worldwide (4). In the
United States, incidence rates of RCC have increased by about
2% per year among the major race groups since 1970 (5).
RCC also now accounts for approximately 2% of cancers in the
United States (6) as well as worldwide (4). RCC is more
common among men than women and the incidence rates vary
more than 10-fold in the world. The highest rates are found in
North America and Europe and the lowest in Asia (4).

Whereas there is good evidence that smoking (7,8) and
obesity (8,9) are risk factors for RCC, it is unclear whether
alcohol consumption plays a role in RCC carcinogenesis. Most
previous case-control (10-15) and cohort studies (16-20) have
shown no association of RCC with alcohol consumption, which
may be due to small sample sizes. However, two large case-
control studies (21,22) and one prospective cohort study (9)
reported that alcohol consumption was associated with
significant reduction of risk for RCC in women only.

We examined the relationship between alcohol consump-
tion and risk of RCC in a large prospective cohort of middle-
aged Finnish male smokers with detailed information on
body mass index (BMI), diet, and lifestyle factors.
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Materials and Methods

Study Population. The Alpha-Tocopherol, Beta-
Carotene (ATBC) Cancer Prevention Study was a randomized,
double-blind, placebo-controlled, two-by-two factorial design,
primary prevention trial that tested whether a-tocopherol
(50 mg/d) and/or p-carotene (20 mg/d) reduced the incidence
of lung cancer in male smokers living in southwestern Finland.
The ATBC cohort consisted of 29,133 white males, between 50
and 69 years of age, who smoked five or more cigarettes per day
at study entry. All subjects were recruited into the trial between
1985 and 1988, and the trial ended in April 1993 after 5 to 8 years
of active intervention (median, 6.1 years). Participants were
randomized to one of four intervention groups: 50 mg/d
a-tocopherol, 20 mg/d p-carotene, 50 mg/d a-tocopherol plus
20 mg/d P-carotene, or placebo. Post-intervention follow-up
continued through the Finnish Cancer Registry. Study eligibility
was as-sessed prior to randomization; subjects who were
diagnosed with prior cancer or serious disease limiting long-
term participation, as well as those taking supplements of
vitamins E, A, or p-carotene in excess of defined amounts, were
ineligible for participation. Other details of the ATBC trial have
been described previously (23). The current study population
consisted of all the subjects in the ATBC cohort with information
on alcohol consumption and dietary intake (n = 27,111) at
baseline.

Case Identification. Cases were identified through the
Finnish Cancer Registry, which provides almost 100% of case
ascertainment (24). The medical records of all potential RCCs
were collected from hospitals and pathology laboratories and a
study physician reviewed them to confirm the cancer diagno-
sis. Deaths were identified from the Registry of Causes of Death
in Finland.

Baseline Data Collection. At baseline, subjects completed a
questionnaire regarding background characteristics and

Cancer Epidemiol Biomarkers Prev 2005;14(1). January 2005



Cancer Epidemiology, Biomarkers & Prevention

medical history. Height, weight, and blood pressure were
measured, and a blood sample was drawn and stored at —70°C.
The participants also completed a self-administered food
frequency questionnaire, which was used to measure the total
amount and type of alcohol (beer, wine, and spirits) consumed.
Of the entire ATBC cohort, 27,111 men (93%) completed the
dietary questionnaire with information on alcohol consump-
tion and were included in the study. Using a color picture
booklet as an aid, participants were asked to report their usual
frequency of consumption over the previous 12 months and
portion sizes for over 270 common food items, including
specific alcoholic beverages. This dietary instrument was
evaluated for reproducibility and validity (25). For reproduc-
ibility, Pearson correlation coefficients varied from 0.54
(vitamin A) to 0.9 (alcohol). For validity, dietary intake from
food frequency questionnaires was compared with diet records
as the gold standard, and Pearson correlation coefficients
ranged from 0.4 (selenium) to 0.8 (alcohol; ref. 25). Dietary
nutrient intake was estimated using food composition data
available from the National Public Health Institute of Finland
(26). Total alcohol intake was converted into grams of ethanol
per day, whereas grams of intake of the specific alcoholic
beverages were also assessed. The alcohol content was
calculated as 12.8 g for a glass of beer, 14.0 g for a drink of
liquor, and 11.3 g for a glass of wine.

Statistical Analysis. We did a cohort analysis of the subjects
who developed RCC between 1985 and 1999 (median, 12.2
years follow-up) among the 27,111 trial participants. Cox
proportional hazards models, using follow-up time as the
underlying metric, were used to estimate multivariate adjusted
relative risks (RR) and 95% confidence intervals (CI) of
incident RCC cases with alcohol consumption. We evaluated
the association between alcohol intake and incident RCC
through categorical indicators for the quartiles of alcohol
intake among the study population using the first quartile
(lowest intake) as the reference category. We used the lowest
quartile of intake as the reference because at least 10% of the
cohort reported drinking no alcohol and it is quite probable
that this group of men may have included not only teetotalers
but also those consuming small amounts of alcohol infre-
quently. In a sub-analysis, we excluded all the men who
reported drinking no alcohol and used the lowest quartile of
drinkers as the reference category. Both total ethanol intake
and ethanol intake from spirits and beer were assessed. We
could not assess wine drinking and risk of RCC because too
few people in our study drank wine. The variables used in the
basic multivariate model were selected based on biological

plausibility and their association with RCC in the literature.
Other variables that resulted in a >10% change in the P
coefficients of the alcohol variables of the basic model were
also included in the final multivariate model. All dietary
variables were energy-adjusted using the residual method. The
basic multivariate model included age, BMI, supplement
group, total energy (excluding energy from alcohol sources),
blood pressure, years of smoking, total number of cigarettes
smoked per day, fruits, and vegetables. A number of other
covariates, such as education, region where the participants
lived, leisure time and occupational physical activity, serum
cholesterol, fat, and various dietary nutrients, were also tested
but were not included in the final model. The tests for linear
trend were calculated by assigning the median alcohol intake
in categories treated as continuous variables. Potential inter-
actions between alcohol and other risk factors for RCC were
tested by entering the cross-product term for alcohol and each
of these factors along with the main effects term for alcohol
intake in the multivariate model. We also ran models stratified
by age, BMI, and smoking. All reported P values are two
tailed. All analyses were done using Statistical Analysis
System software release 8.02 (SAS Institute, Cary, NC).

Results

During 281,074 person-years of follow-up, we documented 195
incident cases of RCC. Baseline characteristics of the study
participants according to level of alcohol consumption are
presented in Table 1. Men with higher alcohol intakes had
slightly higher BMI, smoked more cigarettes daily, had higher
systolic and diastolic blood pressure, and consumed less total
fat. There were no appreciable differences in serum cholesterol
by level of alcohol intake.

As shown in Table 2, the age-adjusted RRs and 95% CI for
RCC in increasing categories of total alcohol intake were 1.0,
0.94 (0.66-1.35), 1.01 (0.71-1.45), and 0.63 (0.42-0.96), respec-
tively (P value for trend = 0.03). After adjustment for BMI,
supplement group, energy intake (excluding energy from
alcohol), smoking, blood pressure, and fruit and vegetable
intake, the RRs of RCC in increasing categories of total alcohol
intake were 1.0, 0.91 (0.62-1.33), 0.94 (0.64-1.38), and 0.53 (0.34-
0.83), respectively (P value for trend = 0.005).

We also assessed possible differences in the association of
beverage type with RCC. The age-adjusted RRs and 95% CI of
RCC in increasing categories of spirit intake were 1.0, 0.97

Table 1. Baseline characteristics according to increasing categories of total alcohol consumption among male Finnish

smokers

Alcohol intake categories (ethanol, g/d)

1 2 3 4
Range (median), g/d 0-2.5 (0.4) 2.6-11.0 (6.2) 11.1-25.6 (17.3) 25.7-278.5 (39.1)
Characteristics
Participants (1) 6,777 6,782 6,774 6,778
Age, y 583 + 5.3 575+ 5.1 56.7 + 4.8 56.1 + 4.7
BMI, kg/m? 26.0 + 3.8 262 + 3.6 263 + 3.8 265 + 3.9
Years of smoking 36.8 £ 8.7 35.7 £ 87 35.6 + 8.3 355+ 79
Cigarettes smoked per day 18.8 + 8.5 19.2 + 8.2 20.5 + 84 231 +94
Diastolic blood pressure, mm Hg 85.6 £ 10.6 86.7 £ 10.6 87.9 + 10.7 90.1 + 10.8
Systolic blood pressure, mm Hg 140.1 £ 194 1409 £ 19.3 1419 + 19.2 144.8 £ 193
Serum cholesterol, mmol/L 62 + 1.2 63 + 1.2 63+ 1.2 62 + 1.1
Daily dietary intake*
Total energy, kcal/d 2753 = 793 2684 + 758 2677 * 764 2640 + 793
Total dietary fat, g/d 109.3 + 159 108.6 + 14.9 106.4 + 14.8 979 + 16.8
Fruits, g/d 92.7 + 825 94.8 + 80.2 88.9 + 76.8 78.5 £ 75.4
Vegetable, g/d 150.5 + 110.0 170.2 £+ 113.2 1715 + 114.2 169.5 + 118.4

NOTE: All variables (except age) are standardized to the age distribution of the cohort.

*Nutrients are adjusted for total energy intake.
T Excludes energy from alcohol sources.

Cancer Epidemiol Biomarkers Prev 2005;14(1). January 2005

171



172

Alcohol Drinking and Renal Cell Carcinoma

Table 2. Relative risk of RCC in relation to alcohol consumption among male Finnish smokers

Variable Alcohol intake categories* P, trend
1 2 3 4
Total alcohol (g/d)
Range (median), ethanol 0-2.5 (0.4) 2.6-11.0 (6.2) 11.1-24.0 (17.3) 24.1-278.5 (39.1)
Cases 56 52 53 34
Person-years 69,170 70,907 70,901 70,096
Age-adjusted RR (95% CI) 1 0.94 (0.66-1.35) 1.01 (0.71-1.45) 0.63 (0.42-0.96) 0.03
Multivariate RR (95% CI)* 1 0.91 (0.62-1.33) 0.94 (0.64-1.38) 0.53 (0.34-0.83) 0.005
Spirits (g/d)
Range (median), ethanol 0-0.4 (0) 0.5-5.3 (1.7) 5.4-15.9 (8.0) 16.0-160 (22.8)
Cases 62 42 56 35
Person-years 70,485 69,705 70,838 70,046
Age-adjusted RR (95% CI) 1 0.97 (0.66-1.41) 0.90 (0.64-1.27) 0.65 (0.43-0.97) 0.06
Multivariate RR (95% CI)* 1 0.93 (0.63-1.39) 0.84 (0.58-1.20) 0.55 (0.36-0.85) 0.02
Beer (g/d)
Range (median), ethanol 0 (0) 0.01-1.9 (1.2) 2.0-7.4 (4.0) 7.5-242.6 (14.8)
Cases 65 53 45 32
Person-years 69,796 69,513 71,287 70,479
Age-adjusted RR (95% CI) 1 1.20 (0.85-1.70) 0.84 (0.58-1.21) 0.58 (0.38-0.88) 0.002
Multivariate RR (95% CI)* 1 1.22 (0.85-1.76) 0.83 (0.57-1.22)0.55 (0.36-0.85) 0.002

*Alcohol categorized by quartile of ethanol intake.
tThe first quartile is the reference group.

#The multivariate model included the following variables: age, BMI, supplement group, calories (excluding energy from alcohol sources), blood pressure, years of
smoking regularly, total number of cigarettes smoked per day, smoking inhalation, and fruits and vegetables.

(0.66-1.41), 0.90 (0.64-1.27), and 0.65 (0.43-0.97), respectively
(P value for trend = 0.06) (Table 2). In the multivariate model,
the RRs and 95% CI of RCC in increasing categories of spirit
intake were 1.0, 0.93 (0.63-1.39), 0.84 (0.58-1.20), and 0.55 (0.36-
0.85), respectively (P value for trend = 0.02). We observed
almost similar decreases in risk of RCC with consumption of
beer. In the multivariate model, the RRs and 95% CI of RCC in
increasing categories of beer intake were 1.0, 1.22 (0.85-1.76),
0.83 (0.57-1.22), and 0.55 (0.36-0.85), respectively (P value for
trend = 0.002) (Table 2).

We did not find any evidence for significant interactions
between total alcohol (Table 3) or beer intake (Table 4) or spirit
intake (Table 5) within strata defined by age, BMI, or cigarettes
smoked per day.

We also conducted a sub-analysis in which individuals who
reported drinking no alcohol were excluded. In this analysis,
the associations for total alcohol, beer intake, and spirits were
statistically similar to the overall findings, except the multi-
variate RR of the highest quartile of spirits, and the spirits
trend. The multivariate RRs and 95% CI of RCC in increasing

quartiles of total alcohol intake were 1, 0.88 (0.54-1.42), 0.61
(0.38-1.04), and 0.51 (0.29-0.89), respectively (P value for trend
= 0.01). For beer, the RRs were 1, 1.02 (0.81-1.28), 0.83 (0.69-
0.99), and 0.82 (0.71-0.95), respectively (P value for trend
= 0.006). In the multivariate model, the RRs for increasing
categories of spirit intake were 1, 0.97 (0.76-1.25), 1.00 (0.85-
1.19), and 0.89 (0.77-1.03), respectively (P value for trend
= 0.26).

Discussion

In this large prospective cohort study among male smokers,
we found that increased total alcohol intake was associated
with decreased risk of RCC. We also found that all forms of
alcoholic beverages (spirits and beer) assessed were associated
with decreased risk of RCC in this cohort. These associations
persisted after controlling for established or suspected inde-
pendent risk factors for RCC, such as cigarette smoking, BMI,
and blood pressure.

Table 3. Relative risk of RCC in relation to total alcohol consumption in subgroups defined by selected variables among

male Finnish smokers

Variable No. cases Alcohol intake categories* P, trend P, interaction
1" 2 3 4

Range (median), g/d 0-2.5 (0.4) 2.6-11.0 (6.2) 11.1-24.0 (17.3) 24.1-278.5 (39.1)
Age, y

<55 76 1 0.96 (0.52-1.78) 0.60 (0.31-1.18) 0.57 (0.29-1.12) 0.06

56-59 44 1 0.36 (0.14-0.91) 0.67 (0.32-1.39) 0.34 (0.14-0.81) 0.06

>59 75 1 1.35 (0.74-2.47) 1.78 (0.97-3.29) 0.63 (0.27-1.49) 0.33 0.73
BMI

<24 40 1 0.61 (0.25-1.45) 0.83 (0.36-1.91) 0.56 (0.21-1.47) 0.37

25-29 119 1 1.16 (0.70-1.93) 1.28 (0.77-2.13) 0.72 (0.40-1.28) 0.20

>30 36 1 0.63 (0.27-1.45) 0.47 (0.19-1.15) 0.22 (0.07-0.63) 0.006 0.30
No. cigarettes/d

<15 57 1 1.26 (0.63-2.52) 1.57 (0.78-3.15) 0.86 (0.34-2.13) 0.82

16-24 71 1 0.80 (0.42-1.52) 0.98 (0.52-1.85) 0.51 (0.24-1.10) 0.12

>25 67 1 0.76 (0.39-1.47) 0.59 (0.30-1.17) 0.39 (0.20-0.78) 0.008 0.14

NOTE: The multivariate model included the following variables: age, BMI, supplement group, calories (excluding energy from alcohol sources), blood pressure, years
of smoking regularly, total number of cigarettes smoked per day, smoking inhalation, and fruits and vegetables.

*Alcohol categorized by quartile of ethanol intake.
tThe first quartile is the reference group.
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Table 4. Relative risk of RCC in relation to beer consumption in subgroups defined by selected variables among male

Finnish smokers

Variable No. cases Beer intake categories* P, trend P, interaction
1" 2 3 4

Range (median), g/d 0 (0) 0.1-1.9 (1.2) 2.0-7.4 (4.0) 7.5-242.6 (14.8)
Age,y

<55 76 1 2.14 (1.15-3.98) 1.17 (0.60-2.27) 0.58 (0.27-1.24) 0.002

56-59 44 1 0.57 (0.25-1.32) 0.64 (0.30-1.39) 0.40 (0.16-0.97) 0.31

>59 75 1 1.04 (0.58-1.87) 0.75 (0.40-1.40) 0.76 (0.39-1.47) 0.53 0.07
BMI

<24 40 1 1.36 (0.58-3.21) 0.77 (0.30-2.01) 1.08 (0.45-2.57) 0.85

25-29 119 1 1.18 (0.72-1.91) 1.07 (0.67-1.71) 0.55 (0.31-0.98) 0.02

>30 36 1 1.24 (0.59-2.62) 0.27 (0.09-0.82) 0.19 (0.06-0.68) 0.008 0.08
No. cigarettes/d

<15 57 1 1.00 (0.51-1.97) 0.87 (0.43-1.73) 0.69 (0.30-1.57) 0.25

16-24 71 1 1.95 (1.08-3.25) 0.79 (0.40-1.59) 0.59 (0.27-1.28) 0.06

>25 67 1 0.78 (0.39-1.57) 0.89 (0.47-1.65) 0.48 (0.24-0.94) 0.04 0.90

NOTE: The multivariate model included the following variables: age, BMI, supplement group, calories (excluding energy from alcohol sources), blood pressure, years

of smoking regularly, and total number of cigarettes smoked per day.
*Alcohol categorized by quartile of ethanol intake.
TThe first quartile is the reference group.

Data on the alcohol-RCC association from cohort studies are
limited. Cohort studies published in the 1970s (16-19) reported
no association between alcohol consumption and RCC
mortality, however, these studies were limited because they
were restricted to alcoholics, and their findings were based on
small numbers of cases. In a more recent study from Sweden
(20), a cohort of 8,340 men and 1,013 women discharged with a
diagnosis of alcoholism who were followed for an average of
8 years also reported no association between alcohol intake
and risk of RCC, but these results were based on a very small
number of cases (20 cases in men and 2 in women). A total of
eight case-control studies (10-15, 21, 22) have reported on the
alcohol-RCC association, six (10-15) found no association,
whereas two large studies (21, 22) reported that alcohol
consumption was associated with a significant reduction of
risk for RCC in women, but not men. Moreover, investigators
using data from a large cohort of Iowa women recently
reported a reduction in risk of kidney cancer associated with
alcohol consumption (9).

Whereas our findings of risk reduction for alcohol in RCC
may be due to chance, the consistent trends found with total
alcohol, spirits, and beer lessen this possibility.

Our study had certain limitations and strengths. Because the
cohort consisted exclusively of male smokers, the results may

not be generalizable to nonsmokers or to women. Data on
alcohol consumption was limited. We had no data on drinking
patterns, only usual level, and alcohol use was self-reported
from a single point in time, precluding assessment of lifelong
alcohol use, intake earlier in life, or changes in alcohol usage
over the 12-year study period. It is quite possible that
participants may have changed their drinking habits over time.
It is also possible that smoking status may have changed during
the follow-up. However, these features apply to most cohort
studies and are not unique to the current study.

To our advantage, our study has the largest number of
prospective cases to date evaluating the risk of alcohol and
RCC and it is the largest prospective study in males.
Additionally, we had detailed information on many variables
such as BMI, smoking, blood pressure, and diet, which enabled
us to control for potential confounding. Although our study
consisted of all smokers, this can also be considered a unique
strength. Due to smoking being a common exposure to all
subjects, it allowed us to assess the relationship between
alcohol and RCC in a group that does not generally practice
desirable health behaviors. Smokers are believed to be at
increased risk for RCC (7,8). We found that alcohol consump-
tion is associated with deceased risk of RCC in middle-aged
heavy smokers.

Table 5. Relative risk of RCC in relation to spirit consumption in subgroups defined by selected variables among male

Finnish smokers

Variable No. cases Spirit intake categories* P, trend P, interaction
1 2 3 4

Range (median), g/d 0-0.4 (0) 0.5-5.3 (1.7) 5.4-15.9 (8.0) 16.0-160 (22.8)
Age,y

<55 76 1 1.06 (0.57-1.99) 0.68 (0.36-1.26) 0.52 (0.27-1.02) 0.05

56-59 44 1 0.34 (0.11-1.01) 0.64 (0.31-1.31) 0.48 (0.21-1.05) 0.28

>59 75 1 1.19 (0.64-2.20) 1.16 (0.65-2.05) 0.63 (0.29-1.38) 0.34 0.68
BMI

<24 40 1 0.39 (0.14-1.03) 0.55 (0.25-1.18) 0.29 (0.10-0.88) 0.11

25-29 119 1 1.15 (0.69-1.89) 0.95 (0.59-1.54) 0.64 (0.37-1.12) 0.13

>30 36 1 1.25 (0.46-3.41) 0.97 (0.40-2.31) 0.70 (0.27-1.79) 0.46 0.54
No. cigarettes/d

<15 57 1 1.10 (0.55-2.22) 1.12 (0.58-2.15) 0.58 (0.25-1.47) 0.27

16-24 71 1 0.52 (0.25-1.09) 0.76 (0.42-1.36) 0.56 (0.29-1.10) 0.54

>25 67 1 1.36 (0.70-2.63) 0.70 (0.36-1.37) 0.52 (0.26-1.05) 0.02 0.07

NOTE: The multivariate model included the following variables: age, BMI, supplement group, calories (excluding energy from alcohol sources), blood pressure, years
of smoking regularly, total number of cigarettes smoked per day, and fruits and vegetables.

*Alcohol categorized by quartile of ethanol intake.
TThe first quartile is the reference group.
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The mechanism of action by which alcohol consumption
affects RCC risk in men is unknown. Alcohol consumption has
been associated with decreased risk of type 2 diabetes mellitus
in large-scale epidemiologic studies (27, 28), possibly through a
mechanism involving decreased insulin resistance (29, 30), and
diabetes mellitus is positively related to RCC in prospective
cohort studies (31, 32). In addition, moderate alcohol consump-
tion may lower blood pressure (33-35), increase high-density
lipoprotein cholesterol and its subfractions (36,37), decrease
platelet aggregation (38,39), and increase fibrinolytic activity
(40). Thus, it is possible that alcohol consumption might prevent
or limit renal fibrosis and chronic renal failure via improved
vascular function. Due to moderate alcohol intake being shown
to decrease levels of insulin-like growth factor I (41, 42), it is
possible that the decrease risk of RCC associated with alcohol
intake may be mediated by insulin-like growth factor I.

However, based on alcohol metabolism and the production
of reactive oxygen species (43), alcohol would be expected to
increase the risk of RCC. In our postmenopausal women
alcohol feeding study, we found that one or two drinks per day
for 8 weeks had no effect on DNA damage assessed by
5-hydroxymethyl-2-deoxyuridine autoantibodies, but in-
creased isoprostane levels.*” Other studies have also reported
paradoxical inverse correlations between alcohol consumption
and oxidative DNA (44, 45). Alcohol may also interfere with
folate absorption, transport, and metabolism, potentially
limiting folate stores in tissues (46). This could contribute to
RCC via abnormal DNA methylation (47), but is unclear (48)
because of evidence that the presence of DNA methylation
does not always contribute to the loss of expression of tumor
suppressor genes in human RCC cells (49).

In this large prospective cohort study, we found evidence
that alcohol consumption was associated with decreased risk
of RCC. Because most of the risk reductions were seen at the
highest quartile of alcohol intake, these data should be
interpreted with caution. However, the association was
consistent when we examined the risk of RCC with total
alcohol, spirits, and beer intake after multivariate adjustment
for several known or suspected confounding factors, thus
providing support for a true association. Owing to alcohol
consumption being deleterious for a number of cancers
particularly among smokers, these results should be inter-
preted with caution. There is a need for additional studies to
solidify alcohol as a consistent and believable RCC risk factor
before including it in risk algorithm.
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